Introduction. A v, k, A abelian group difference set (abbreviated AGDS) (G, D) is a ^-subset D = {d^i
0 taken from an abelian group G of order v such that each element different from the identity e in G appears exactly \ times in the set of differences {dtdf 1 }, where 0<\<k<v -1. Combinatorially, a v, k, X AGDS is equivalent to a v, &, X design having an abelian collineation group which is transitive and regular on the elements and on the blocks of the design (1) . Thus, v, k, and X satisfy the following relation (cf. 5) 
2), then co is called a multiplier of (G, D), and if co is the identity automorphism in (1.2), then (G, E) is called a translate of (G, £>). Two special classes of AGDSs have been investigated recently in (2) and (3). One is the class of AGDSs (G, D) with the inverse multiplier (abbreviated IM AGDSs)
and the other is the class of skew-Hadamard AGDSs (G, D) (abbreviated SHAGDSs), where e € D and for all g G G, g ^ e, g G Z> if and only if g" 1 $ Z>. In this paper we shall obtain a classification of AGDSs in which these two classes together with the AGDSs complementary to the SHAGDSs (abbreviated co-SHAGDSs) become the simplest and the most prominent classes.
Preliminaries. Let (G, D) be a v, k, X AGDS and let
be the abelian character group of G, where xo denotes the principal character. For the positive integer r let f r denote exp(27ri/r), the principal primitive rth root of unity, and let i?(f r ) denote the field of the rth roots of unity over the rational field R. We define on G the function 
From this we see that Applying Cramer's rule to (3.3) to find b p we obtain
We have thus shown the following result. 
Now consider the representation of G as a direct product of cyclic groups,
where C(e?) is cyclic of order e u 1 ^ i ^ n, ei \ e t +i for 1 ^ i ^ n -1, and ?/ = n?=i^i, where e n = /. Let g^ be a generator of C(e*)> 1 ^ i ^ n. Corresponding to (3.6) we have a representation of T as a direct product of cyclic groups,
where K(e t ) is cyclic of order e t , I ^ i ^ n, and where we may take xoo as a generator of K{e 3 ), 1 g j ^ n, where
w, then we will set AZ)(TI, . . . , 7«) = à D (g), and if Xs £ T has the representation
then we will set ^(^I, • .
• , 0w) = £D(S), where we always take the exponents of ga) and X(i) as non-negative integers modulo e t , 1 tk i Ik n. Thus, with this new notation, (2.2) becomes
Now e*|e n =/, hence, let dUi = f whence f ei = f/% \ S i S n. Then (3.9) becomes 
QD(X) =11 (*-£»&))

7-=l
are invariant under all automorphisms of R(Ç/) fixing R elementwise; hence these coefficients must be in R. Since these coefficients are also algebraic integers, they are, in fact, rational integers. This proves the lemma.
We can now obtain some additional information about the polynomial q D (x) in Theorem 3.1. (3.14) 6 P = e(k -X)-*CPD-2 >, € = ±1.
\b,J = (k-X)-*('D-» whence
"Z>
By (3.13), b p = -(k -X)/c 0 ' which is rational. Again, by (3.13) and (3.14),
is rational, where c t = eci is a rational integer, 1 ^ i ;g p D -1. D~2 ) is rational. Thus, if p D is odd, then k -X must be the square of a rational integer. )> g* £ G> and summing on s, we obtain: 
A further result. If (G, D)
is an AGDS of one of the types given in Theorem 3.6 and E = Z> under the automorphism co of G, then it is not difficult to show that (G, JE) is of the same type as (G, D). This is, in fact, a special case of the following more general result. while p E = 6.
